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Abstract 
  Graft copolymers of chitosan (CS) and 
poly(N-isopropylacrylamide) (PNIPAAm) 
were successfully synthesized through a 
two-step reaction. Chitosan was first 
modified with maleic anhydride in formic 
acid through the reaction of amino group 
with anhydride, thus having vinyl groups. In 
the second step, PNIPAAm was grafted onto 
CS via this vinyl groups initiated by UV 
radiation. The structures of graft copolymers 
were confirmed by FTIR and NMR analysis. 
The grafting efficiency increased with the 
added amount of NIPAAm monomer and 
reached a plateau value about 55%. In the 
mean time, grafting ratio increased linearly 
with the added amount of NIPAAm. A 
two-stage thermal degradation behavior was 
observed for the copolymer samples, which 
confirmed the structure of graft copolymers.  
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0.7504 30.014 3.0081 2 4.56 
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P1 0.2688 20.1 0.17 86.4 
P2 0.5376 46.5 0.85 91.1 
P3 0.8064 55.6 1.55 93.1 
P4 1.0752 56.7 2.14 94.3 
P5 1.3440 52.2 2.47 94.6 
   
????? P1?P2?P3? FTIR??
?????????????? amide І ?
amide Ⅱ??????????????
????????????? PNIPAAm
??????????????????
?????? 2973 cm-1?2877 cm-1???
???????1385 cm-1?1366 cm-1??
?????????????????
PNIPAAm??????? 
 
???? P3? 13C NMR?????
??????????????????
??????? PNIPAAm ??????
????????? 41.9ppm?????
??????????????????
??? M5 ?????????????
? 175.4ppm?????????????
?????????? (120.6ppm?
140.3ppm)?????????????
UV???????????? 
 
???? 
??????????? M1?M3?
M5? TGA?????????????
????????? 280????????
??????????????????
????????? M5 ???????
?? 298?????? 18??? char yield
???????? 10%????????
?????????????????
?????????????????
????? PNIPAAm??? P1?P3?P5
? TGA???PNIPAAm ???????
413????????????????
??????????????????
?????????????????
?????? PNIPAAm ???????
??? P1 ???????????? Td
? 302????????????? 388?
? PNIPAAm?????? P5?????
??????? Td? 309?? P1????
??? 422??? PNIPAAm??????
?????? PNIPAAm ???????
??????? Td?? 
 
 
???????? 
 
????????????????
??????????????????
??????????????????
??????????????????
????????????????? N-
 5
???????????? UV ????
?????????-????????
??????????????????
??????????????????
???????-???????????
??????????????????
??????? pH???????? 
????????? 2004?????
??????????????????
??”???????????????
????????????? ”?
Modification of Chitosan with Maleic 
Anhydride and Synthesis of Chitosan-g- 
Poly(N-isopropylacrylamide)???????
? ? ? ? ? ? ? ? ? ”Carbohydrate 
Polymers”??????????????
??????????????? 
 
 
?????? 
1. Tararel, A. Demard, Biomaterials, V14, 
928 (1993). 
2. J. Tsai, Z. Y. Wu, W. H. Su, J. Food Prot., 
V63, 747-752 (2000). 
3. P. M. Sardinha, M. H. Gil, J. V. Mercader, 
A. Montoya, Journal of Immunological 
Methods, V260, 173-182 (2002). 
4. Tanja Becker, Michael Schlaak, Henry 
Strasdeit, Reactive ? Functional 
Polymers, V44, 289-298(2000). 
5. V. M. Ramos, N. M. Rodríguez, M. S. 
Rodríguez, A. Heras, E. Agullø, 
Carbohydrate Polymers, V51, 425-429 
(2003). 
6. T. Sugama, M. Cook, Progress in Organic 
Coatings, V38, 79-87(2000). 
7. ???, ????????????, 
??, V48, 53-62(2001)? 
8. Chia-Fen Lee, Chia-Jen Wen, Wen-Ten 
Chiu, Journal of Polymer Science: Part A: 
Polymer Chemistry, V41, 2053-2063 
(2003). 
9. So Yeon Kim, Sung Min Cho, Young Moo 
Lee, Seon Jeong Kim, Journal of Applied 
Polymer Science, V78, 1381-1391(2000). 
10. Liliana Verestiuc, Claudia Ivanov, Eugen 
Barbu, John Tsibouklis, International 
Journal of Pharmaceutics V269, 
185-194(2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
???????? 1D??? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
???????? 210nm????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
???????????M1?M2? FTIR
??? 
 
 
180 200 220 240 260 280 300
-0.08
-0.06
-0.04
-0.02
0.00
0.02
1D
 A
bs
nm
 TCI CS
180 200 220 240 260 280 300
-0.02
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.24
0.26
0.28
0.30
0.32
0.34
A
B
S
nm
 M1
 M2
 M3
 M4
 M5
13
80
.6
7
15
24
.7
0
16
32
.3
6
29
35
.7
3
34
16
.6
8
Pure CS
 0.0
 0.1
 0.2
 0.3
A
bs
14
14
.8
3
15
13
.3
7
16
19
.9
3
17
06
.9
2
28
94
.7
5
33
77
.9
3
M1
 0.0
 0.2
 0.4
 0.6
 0.8
A
bs
14
15
.9
2
15
11
.4
9
16
22
.2
4
17
09
.8
5
28
92
.6
8
33
57
.2
4
M2
 0.0
 0.5
 1.0
 1.5
A
bs
 1000   2000   3000  
cm-1
 6
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
????? P1?P2?P3? FTIR??? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
???? CS???M1?M3?M5? TGA  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
???PNIPAAm??? P1?P3?P5? TGA 
100 200 300 400 500 600 700
0
20
40
60
80
100
120
W
ei
gh
t(%
)
Temperature(oC)
 PNIPAAm
 P1
 P3
 P5
100 200 300 400 500 600 700
0
10
20
30
40
50
60
70
80
90
100
110
W
ei
gh
t(%
)
Temperature(oC)
 CS
 M1
 M3
 M5
13
83
.9
2
14
59
.8
215
59
.6
9
16
49
.6
2
28
72
.9
7
29
33
.1
8
29
72
.9
734
28
.8
0
P1
 0.05
 0.10
 0.15
A
bs
13
64
.4
1
13
85
.7
1
14
61
.0
415
49
.9
9
16
52
.4
1
28
77
.4
4
29
34
.1
3
29
73
.2
5
30
78
.1
73
43
3.
14
P2
 0.0
 0.1
 0.2
 0.3
A
bs
13
69
.1
7
13
86
.2
7
14
60
.6
215
44
.8
3
16
54
.3
7
28
76
.8
6
29
34
.0
4
29
73
.2
8
30
74
.5
734
32
.8
6
P3
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
A
bs
 1000   1500   2000   3000  
cm-1
